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1. INTRODUCTION

The electron beam on fixed target experiments at SLAC and DESY have been abandoned in 1975.
The crucial results on proton structure obtained at SLAC in 1970 fully justified the interest of these first
experiments. Unfortunately, the differential cross sections for hadron production obtained at these
accelerators had large statistical errors due to the small beam intensity and, the lack of polarized beam and
target did not permit the study of the hadron polarization. Consequently, new electroproduction experiments
with high precision, high statistics and polarization facilities were necessary in order to test the new
theoretical trends in quantum cromodynamics. One of the main goals of a intermediate energy electron
facility was the systematical study of nuclear and hypernuclear physics.

The continuous electron beam accelerator produced the first physics results at the beginning of
1995. A new upgrade of the accelerator to higher energies (12GeV) was proposed for the following years
It is expected that the results of these experiments are likely to significantly change the way we think about
nuclear physics and the strong unperturbative limit of QCD [7].

We discuss in the following , the results obtained in Hall C at Jefferson Laboratory experiments in
which the Bucharest University has been part of the collaboration.

2. EXPERIMENTAL SET - UP.

The standard detection system in Hall C at Jefferson Laboratory consists of two highly flexible
electromagnetic spectrometers with medium resolution and relatively large momentum and angular
acceptances (fig 1) . The High Momentum Spectrometer( HMS ) is capable to analyze high momentum
particles (up to 7. 5 GeV/c ). The Short Orbit Spectrometer has a large momentum acceptance but its
maximum central moment is around 1. 7 GeV/c.

Momentum resolution is 8 p/p = 0. 04 % for the HMS and 0. 1 % for SOS. Both spectrometers
have angular resolution of about 2-3 milliradians. Particle identification ( 1D )is performed by detector
packages which consist of two drift chambers, two sets of x-y scintillators, a gas Cherenkov detector and a
shower counter.

The HMS identifies electrons out of n° at a level of 99, 8 % and SOS separates kaons from
protons and pions at a level of 1/800.

These characteristics of the spectrometers combined with the high quality of the electron beam
(QF=1) are ideal for the study of differential cross sections in exclusive reactions with strange particle
production such as :

e+poe +K +A°(2%)

Using unpolarized and polarized electron beam we can separate transverse and longitudinal cross
sections and induced and transfered polarization of the hyperon and compare these data with different
theoretical models or extract the kaon form-factor out of longitudinal cross section.

These results have been obtained for the first time at Jefferson Laboratory with high accuracy

The large acceptance of the SOS spectrometer was used for detecting in coincidence K" and
protons from the A decay and measure, from proton asymmetries, the hyperon polarization which could
not be measured in other experiments.

A modification of the Hall C standard detection system was used to investigate hypernuclear states
with high resolution. This method leads to results, which could not be obtained in hadron induced
experiments. In order to obtain hypemuclear states, reactions with very small momentum transfer have been
used , that is:

"
e+ "Coe + ' B+K'

in which the scattered electrons are detected at zero degrees with low momenta (300 MeV/c ) .
The HMS spectrometer has been replaced by HNSS spectrometer (shown in fig. 2 ).

A “Split Pole™ magnet deviates the electrons and focalizes them in the detector plane. The detector
for electrons was in the first version of the experiment E89 -009 a silicon strip detector (SSD ) with 100 pm
spatial resolution. The trigger is given by a coincidence of a K" in SOS arm with an electron in a
hodoscope array behind the SSD. With about 100 picoseconds resolution time, one can avoid a Jot of
background given by bremsstrahlung of scattered electrons.

Due to the still high background, an update of the detection system has been proposed and
approved, which would increase 3 times the resolution of the missing mass spectrum and suppress the
background up to 10” times.

An increase in the SOS spectrometer resolution has been obtained with a HKS (high resolution
kaon spectrometer). The missing mass spectrum has about 300 keV resolution, being able to separate the
bound states of the hypernuclei of intermediate mass (**Si, *' V., ®Y ). The experimental set upgrade is
shown in fig. 3. The main improvements are in a higher yields of hypernuclei by using electron detection
angle of zero degrees and kaon detection angle close to zero degrees. To avoid the bremsstrahlung and
hadron background, the electron momentum should be low ( 1. 8 GeV/c ), the electron detection plane is
tilted at 2. 25 degrees and the electron silicon detector is replaced by a drift chamber with very thin walls.

The momentum resolution achieved is about 10 which gives a binding energy resolution of about
300 keV . The signal to background ratio would be a factor of 10 higher than that obtained in the E8%-009
experiment.

3. PHYSICS BACKGROUND
a. Why strange particle electroproduction?

Lepton -nuclei scattering is an important tool for investigating nuclear structure. The leptonic part
of the interaction is well known, described by quantum electrodynamics (QED ) and very well verified
experimentally. Only the lowest order process is taken into consideration (one photon exchange ), due to the
smallness of the electromagnetic coupling constant ( o = 1/137). At intermediate energies the weak
interaction contribution is to be neglected, the electromagnetic coupling constant being orders of magnitude
higher than the weak one.

Nuclear target contribution is expressed in nuclear response functions. In one hadron
electroproduction with polarized beam the differential cross section is written as:



d'o
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dE;, dQ;‘H = Sunpot

where h is the electron helicity in the ultrarelativistic limit for a longitudinally polarized beam.
Gunpol IS lpdependent on the electron polarization. Gpal Can be obtained in a separated form by using cross
section difference for h=+/- 1,

dln one virtual photon approximation the virtual photoproduction differential cross section can be
separated:

d’c do,
= (2)
dE dQ dQ, dQ,.
where:
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is the virtual Photon flux, E. , E.’ are the incident and scattered electron energies, W is the invariant mass
of.lhe hadronic system , M, is the target mass and Q7 is the squared four momentum transfer to the electron.
€ is the transverse polarization of the virtual photon:
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X2 = .
g =-0Q", g is the three momentum ector of the virtual photon, #, is the electron scattering angle in
the laboratory systesii .

do

y

?‘, is now expressed as a sum of response functions which depend on the angles @, and @, of the
t ‘
detected kaon and the hadron polarization.
A complete experiment (beam and target polarized ) can determine 36 response functions (sec [3]
and reference [1 ] therein).

In order to avoid a very complicated separation we used some features of the ¢ periment to extract
part of the response functions.

) .1. In the first experiment with unpolarized beam and no hyperon polarization detected . the
differential cross section has only four terms:

do

— & :
HQ; =0, &0, +£cos(2¢)(7“,.—:[ 3 ] cosgo,, (5)

G7 s the transverse part of virtual photon-proton interaction

o is the longitudinal part
oy s the transverse-transverse interference term
oLr is the longitudinal -transverse interference term.

The o7, o, separation is possible using the Rosenbluth separation technique. Integrating over ¢
between 0 and 2 7 in relation (S5) we separate the first two terms. o and o, are functions on the invariants
Q*, Wandt=(g-K ) (q,K are the four vectors of the virtual photon and kaon ). The integration has
been allowed by the uniform experimental coverage in ¢ on a small region in tat a given Q*and W.

In order to perform the o, /oy separation, plots of ¢ 1+ ¢ o as a function of virtual phaton
polarization, €, have been fitted with straight lines [5 ] (fig. 4). The ratio R= o, /o obtained for
different Q” values is compared with previous data and two theoretical models in fig. 5.

The R value falling down for high Q is confirmed with much smaller errors in disagreement with
the predictions of the Saghai model. Both models are strongly dependent on coupling constants and
formfactors obtained by phenomenological fits of the previous world data (which are scarce).

Having o, as a function of t we can try a Chew Low extrapolation technique for the extraction of
the kaon formfactor . In fact the success of such an extrapolation depends on a large number of data at
small t values , the my.’ pole being far from the physical region. Our data are for t between - 0.4 and
0.2 (GeV/e) and the Q* values in a small range ( Q* = 0. 75 - |. (GeV/c)? ) fact which makes difficult the
extraction of the cutoff parameter in the formfactor formula :

1
1+Q;

/

N

r)- ©

The error in Ay, is about 20 % or more.

2. The large acceptance of the SOS spectrometer gave us the possibility to detect simultaneously
(30 ns coincidence time ) the K and the decay proton out of the A - hyperon decay. Cn the other side by
combining the time of flight with Cherenkov informations, a very good p - K' discrimination was
achieved.

A Monte Carlo simulation program [3] showed that decay protons are registered with kaons in the
same solid angle at a rate of about 0. 01 s, while the kaon rate is about 0. 3 s . The selection of a very
small coincidence window which is necessary to eliminate part of the background makes the experiment
tedious, especially for low values of the A polarization.

A test on the A induced polarization in an unpolarized beam experiment has been performed [2].

Fig. 6 shows the first result of the A induced polarization and some theoretical predictions. Even
with such big statistical errors , the result eliminates the first vector resonance model of Williams et al
(WIC1 ). Much bigger statistics at higher K' angles are required in order to decide about polarization
model predictions.

Another experiment with electron polarized beam has becn approved at Jefferson Laboratory to
measure the transfered A hyperon polarization using the same method. By measuring the cross section
averaged on ¢ for electron helicities + / - |, we can obtain the polarization part , Gipol -

A hyperon polarization has three components (fig. 7 ): longitudinal, transverse and normal . along
, 1, nvectors. For about 1000 - 3000 events, the simulation program computed an error in asymmetry of
0.03to 0.018. Therefore. we have the possibility to measure polarizations between 0. 3 and 0. 5

b What canwe learn from hypernuclear electroproduction?

Hypernuclei structure and A -nucleon interaction can be studied in (n', K )and(e, e K')
reactions. The last reaction has the advantage of a very good resolution which permits the separation of the
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nuclear shells beyond the p shell from light to intermediate hypernuclei as well as spin -orbit splittings of
the A shells.

The spectra of A hypernuclei studied for intermediate nuclei in (7", K*) reactions were
interpreted in terms of a A bound in a Woods-Saxon density- dependent potential but the poor quality of the
spectra (resolution of 15 to 4 MeV ) could not emphasize the core excited states or spin -dependent A N
interaction.

Hypemnuclear spectroscopy coupled with gamma ray spectroscopy can give much more
information about the interaction potential but until now the hypernuclear spectroscopy could not attain in
the (n" , K" ) reactions a better resolution.

The first experiment of the collaboration measured the A binding energy spectrum with a
resolution of 800 keV. A preliminary result is given in fig. 8. A bound state of nucleus AB at -1 MeV
is seen, other peaks are buried in the background fluctuations.

4. CONCLUSIONS.

Electroproduction of strangeness from protons and nuclei can provide many interesting results
about the strange components of protons, strange particle formfactors, hyperon - nucleon interactions inside
the nuclei. The first results obtained at Jefferson Laboratory revealed many interesting features of the
interactions which promoted new theoretical models. It seems that the nuclear physics at intermediate - high
energy would be one of the most productive in the direct exploration of the quark gluon structure of hadrons
and nuclei.
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FIGURE CAPTIONS

Fig. 1. The Standard Spectrometric System in Hall C: HIMS and SOS
Fig. 2. HNSS Spectrometer for E89 -009 experiment

T

Fig. 3. HKS high resolution kaon spectrometer for hypernuclear studies

Fig. 4. or +&€ oy versus ¢ for different values of Q?

Fig. 5. R =0, /o7 versus Q? compared with previous experimental data and two theoretical models
Fig. 6. The measured and predicted A induced polarization as a function of y -K four momentum
transfer , t

Fig. 7. The coordinate systems for the polarization vectors.

Fig . 8. Binding energy spectrum of the +"?B nucleus. Preliminary results.
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o il ! LC GO

HKE

Figh xaolution haon sroateunniny

20001214,

Fig.3 HKS high resolution kaon spectrometer
for hypernuclear studies.

O + € oy (nb/sr)

6m_""I“'_"l""I""l""!"”T""I"“I""I —d
E = 0. =1. —t=0. =4
: Q=052 W=184 ~-t=0.22 7
500 .
d o
400F = 3
3005 fpg ey ool | | m|
RS TR LR T T T T T T
400 =075 w=183 ~—t=0.30 B
[ SE =¥
300 - b3 ]
398" ,VJ. sl ! Lol [ Ly 1
IR R RS T T T ]
F Q=100 w=181 -t=041 =
300 =
[ S ]
250 [ e
2005 .
SIS P W B i’ 41 | ]
REREEERERE] SRS RER | EEZES IREERD ]
120 Q=200 W=184 ~t=074 =
100 - B i i J
+ i - : 4
soF - -
claa i d 1 1 1

0 01 02 03 04 05 06 07 08 09 1
€

Fig. 4 o1+ € 6, versus epsilon for different
values of Q.


http:2000..12.14

15 F

o,/ op

R=
e
(2

T

Z
4%
+ |
ol
N EZ
w |

* This Work
¥ Bebek et al.

& WJC Model

£7] SL Model

PSR | Lo 1 P Pt

Fig. 5 R = o1,/ 6, versus Q® compared with previous
experimental data and two theoretical models.

0.5 1 1.5 2 2.5 3 35 4

Q? (GeV/e)*

PR RIS ) I TR

e

o
0.2
0.15} 77T
é WICI [ e ‘\
5 1
o) e
=00 P |
« - \
N P - e \\
=1 P <oy i
-5 005 PO ~—— VGL '
- p 1
9 e .
o 0 =
=
el
R wIiC2
— -0.05}
-0.1 " ! 2 L 1 . I
13 -1.2 0.9 -0.8

a1 ' 0
t[GeV/C]2

Fig. 6. The measured and predicted A-induced polarization as a function of y-K four-
momentum transfer, t



Fig.8 Binding energy spectrum of the A-B12.
Preliminary results.

Fig. 7. The coordinate systems for the polarization vectors




